INTRODUCTION
The hormone insulin is essential for the metabolism of glucose and lipids. Insulin receptor substrate (IRS), an intermediate in insulin signaling, plays an important role in the basic functions of cell growth and metabolism [1, 2] . Of the four genes in the IRS system, only IRS1 and IRS2 are involved in glucose metabolism [2] . The IRS1 and IRS2 genes are responsible for glucose production by the liver, glucose uptake by skeletal muscle and adipose tissue, and insulin production by beta cells in the pancreas [2] . IRS1 functions in the skeletal muscle, while the role of IRS2 is mainly to regulate hepatic insulin action as well as pancreatic beta cell development and survival [2] . Defects in postreceptor insulin signaling are the main reasons for insulin resistance in target tissues that influence glycemic control [3] . In particular, these defects are displayed by the specific inhibition of the PI3K/Akt signaling pathways associated with positive insulin action on glucose and lipid metabolism [4] .
IRS system gene polymorphisms are associated with insulin resistance [5] . The rs1801278 (p.Gly972Arg) polymorphism in IRS1 reduces tyrosine phosphorylation by more than 60 % and acts as a competitive inhibitor of insulin receptor and insulin-like growth factor receptor 1 autophosphorylation [5] . Moreover, a previous study has described an association between rs1801278 and increased insulin resistance in patients during episodes of severe/acute hyperglycemia in type 2 diabetes mellitus (T2DM) patients [6] . However, the possibility of interaction between IRS1 and IRS2 gene polymorphisms in increased insulin resistance in T2DM patients with severe/acute hyperglycemia has not been investigated. In this study, we investigated the potential allelic and haplotype interactions between the IRS1 rs1801278 and the IRS2 rs1805097 polymorphisms and whether these interactions affected insulin resistance in type 2 diabetes patients with severe/acute hyperglycemia.
EXPERIMENTAL

Patient recruitment
Patients were recruited from all medical wards at the teaching hospital of the National University of Malaysia (UKMMC) and were screened for eligibility to participate in the study. The study complied with the Declaration of Helsinki, it was approved by the Ethics Committee of UKMMC (FPP-282-2008) , and all participants gave their written, informed consent. The sample size calculation was based on the previous study [6] . For inclusion, the subjects had to meet the following specifications: blood glucose level > 13.9 mmol/L; severe hyperglycemia [7] or glucose > 15 mmol/L; acute hyperglycemia upon admission [8] ; over 30 years old; only used insulin during hospitalization. Subjects were excluded if they met any of the following criteria: used oral hypoglycemic agents during hospitalization; were pregnant; were unable or unwilling to give informed consent; were critically-ill or exhibited medical conditions that were likely to limit life expectancy or required extensive medical treatment.
Ten-milliliter venous blood samples were taken for genetic analysis from the 156 T2DM patients who fulfilled the inclusion criteria.
Measurement of insulin resistance
Calculation of the insulin resistance index was based on the concentrations of fasting plasma glucose and insulin, according to the homeostasis model assessment (HOMA) formula [9] . The venous blood for baseline measurement of plasma glucose and plasma insulin was collected after an overnight fast, when both values are known to be at a steady-state [10] . The cut-off point on the HOMA index to indicate worsening insulin resistance was 2.7, which was obtained from a receiver operating characteristic curve with a sensitivity of 97.4 % and a value of 0 % for [1-specificity] .
Genetic analysis
Genomic DNA was obtained from whole blood using a Wizard® Genomic DNA Isolation kit (Promega, Madison, WI). Polymorphisms in the IRS1 (rs1801278; p.Gly972Arg) and IRS2 (rs1805097; p.Gly1057Asp) genes were genotyped by PCR-restriction fragment length polymorphism analysis, following modification and optimization of previously described methods [11, 12] . The rs1801278 and rs1805097 polymorphisms were detected by restriction digestion with BstNI and HaeII, respectively.
Hardy-Weinberg equilibrium (HWE) test
The validity of the association study was tested by calculating HWE using Testing Haplotype EffectS in Association Studies (THESIAS) software [13] .
Allele and haplotype analysis
Allele and haplotype analyses were carried out using THESIAS software (14) . This program is based on the maximum likelihood model [14] and is related to the stochastic expectation and maximization algorithm [15] . Thesias allows simultaneous estimation of haplotype frequencies and their relationship with the phenotype of interest.
In this study, we performed both null and binary analyses. Null analysis refers to the probable haplotype frequencies, based on the HWE test. The analysis was divided into two assumptions: "no linkage disequilibrium (LD)" and "with LD". LD is defined as the effects of gene variation that may be caused by an allele or genotype that is located near the locus of the gene under study [16] . Binary analysis refers to the classification of haplotype frequencies based on phenotypic features-in this case, insulin resistance status. In estimating haplotype effects, the estimated regression parameters describe the relationship between haplotype and phenotype in comparison to the most common haplotype. Haplotype 1 was the most common haplotype, and often corresponded to the intercept point on the regression model. Haplotype 2 was the second most frequent haplotype, followed by haplotype 3, etc. Estimations of haplotype effects were expressed as the odds ratio and were compared with the reference (haplotype 1/intercept) with 95 % confidence intervals. With further analysis using equality tests, we sought to determine whether there was an interaction between haplotypes of the IRS1 and IRS2 polymorphisms. Thus, we assumed that the IRS1 allele, when carried by the IRS2 haplotype, was associated with insulin resistance. This means that the effect of haplotype 2 (β2) was similar to the effect of haplotype 4 (β4). Therefore, the null hypothesis tested was H0: β 2 = β 4 . This was also applied to the other haplotypes; the other null hypotheses tested were H0: β 1 = β 3 ; H0: β 2 = β 1 ; and H0: β 4 = β 3 . Null hypotheses were tested using the likelihood ratio test (LRT). In this analysis, the haplotype interaction effects were assessed by comparing the log-likelihood of the testedhypotheses model with the log-likelihood of the full model. LRT test to assess the haplotypephenotype relationship was equal to twice the difference between the logs. Statistical significance was assessed by chi-squared test. A p-value < 0.05 was considered significant.
RESULTS
In this study, we genotyped the IRS1 (rs1801278; p.Gly972Arg) and IRS2 (rs1805097; p.Gly1057Asp) gene polymorphisms in 156 T2DM patients with severe/acute hyperglycemia. For rs1801278, the frequency of allele A was 3.5 % and that of allele G was 96.5 %. The frequency of genotype G/A was 7.1 % and G/G was 92.9 %. For rs1805097, the frequency of allele A was 41.7 % and that of allele G was 58.3 %. The genotype frequencies were A/A (17.9 %), G/A (47.5 %), and G/G (34.6 %). There was a significant association between the IRS1 polymorphism rs1801278 and insulin resistance status in the T2DM patients (χ 2 = 5.19, p = 0.023), but no association between the IRS2 polymorphism rs1805097 and insulin resistance status (χ 2 = 0.69, p = 0.406).
HWE testing
The IRS1 rs1801278 and IRS2 rs1805097 polymorphisms were both in HWE (p = 0.6481 and p = 0.7627, respectively), which confirmed the validity of our subsequent analyses.
Calculation of haplotype frequencies
Haplotype frequencies of the IRS1 rs1801278 and the IRS2 rs1805097 polymorphisms were calculated under the assumption of "no LD" and "with LD" (Table 1 ). There were no significant differences between them. Second, we analyzed whether the haplotypes were associated with insulin resistance during the severe/acute hyperglycemia phase in T2DM patients. Haplotype frequencies were calculated by binary analysis based on the subjects' insulin resistance status ("sensitive" or "resistant") ( Table 2 ). There were significant differences in the haplotype frequencies based on the insulin resistance status (χ 2 = 26.5, p = 0.0001). The estimate of the intercept point for binary analysis of the logistic model was 0.5324. The loglikelihood of the data (without the effect of haplotype) was -289.06 (df = 1). 
DISCUSSION
THESIAS software was used in this study to investigate the interaction between genetic polymorphisms of the IRS1 and IRS2 genes with the insulin resistance status in T2DM patients with severe/acute hyperglycemia. The haplotype frequencies in the null analysis were necessary to determine the basic haplotype structure that was derived from the polymorphisms under investigation, regardless of the phenotypic effects. This means that the frequencies given at this stage were not influenced by the insulin resistance status of the study population.
The haplotype frequencies shown were calculated as the product of matched allele frequencies. Not all haplotype frequencies were reported; only the corresponding haplotype that was compatible with the genotype data of at least one individual was stated. As the two frequencies did not differ significantly, it was assumed that there was no linkage disequilibrium. Occasionally, the occurrence of linkage disequilibrium can explain polymorphism interactions that would significantly affect phenotypic features. In this study, binary analysis showed a significant difference between the haplotype frequencies based on insulin resistance status.
Further equality analysis however failed to show any significant interactions between the alleles or haplotypes of the studied polymorphisms. This supports previous findings that only the IRS1 Gly972Arg polymorphism is associated with the insulin resistance status of T2DM patients with severe/acute hyperglycemia [6] . It is also consistent with the findings of Villuendas et al [17] who found no interaction between the IRS1 and IRS2 genes in relation to insulin resistance in people with polycystic ovary syndrome.
Our findings suggest that, although IRS1 and IRS2 function in the same system, they have different signaling specificities. This specificity may occur because of a unique sequence between amino acids 591 and 786 in the middle of IRS2 that interacts specifically with the kinase regulatory loop of the insulin receptor beta subunit [18] . This region is not present in IRS1. Differences in the kinetic energy of activation/deactivation, as well as the specificity of interaction with upstream effectors [19, 20] may also explain the differences.
CONCLUSION
In summary, we found no evidence for interactions between the IRS1 rs1801278 (p.Gly972Arg) and IRS2 rs1805097 (p.Gly1057Asp) polymorphisms that would affect the insulin resistance in T2DM patients with severe/acute hyperglycemia. Further studies are necessary to confirm these results and validate them in other populations.
Limitation of the study
This study focused on a specific study population; hence, it might not be possible to extrapolate these results to other races or countries. 
